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1
SPINAL ANALYSIS SYSTEM

INTRODUCTION

This invention relates generally to medical analysis tech-
niques and, more particularly, to a unique method for
analyzing spinal problems using computer data handling and
display techniques and determining effective treatments
from such analyses.

10

BACKGROUND OF THE INVENTION

The development of chiropractic spinal treatment tech-
niques was initially based on mensuration, or measurement,
methodologies which could identify the intersegmental dis-
relationships of one vertebra to another. Such methods were
difficult, time consuming and did not allow for a cumulative
cvaluation over time of the entire spine and pelvis. More-
over, previous mensuration methodologies had no way to
identify either regional (i.e., particular spinal regions) or
global (i.e., the overall spinal column) compensation that 1s
either normal or abnormal given certain geometric relation-
ships.

The use of electromagnetic grids, primarily for display in
computer aided drafting systems, has been developed and
has generally become available for some time, e.g., since the
1970’s. The use of such a technique has permitted the
recording and digitizing of numerous data points in an x-y
coordinate system and the supplying of such data points to
a data processing system for the purpose of manipulating
them to perform quantitative measurements therewith and to
display such measurements in various ways on a display
screen.

Though quantitative spinal measurements data have
become easier and faster to obtain, no comprehensive analy-
sis of such data has yet been made available so as to permt
a chiropractic practitioner, for example, to determine, clas-
sify and distinguish between normal adaptive, i.e., success-
ful, and abnormal nonadaptive, i.e., failed, compensation of
the spinal/pelvic system. Moreover, the previous use of
computer systems for spinal measurement has provided
some, but inadequate, tabular data for use therein without
providing any further insight into a spinal injury being
examined. Accordingly, the chiropractic profession has gen-
erally tended to move away {from the use of such comput-
erized spinal mensuration techniques for clinical case man-
agement consideration and has failed to provide an effective
technique for obtaining additional approprately selected
data and for analyzing such data in a manner which provides
suitable insight into spinal problems so as to permit a
practitioner to provide appropnate treatment and to teach the
cffectiveness of such treatment.

Hence, the problem of effectively selecting and analyzing
spinal data still remains and it would be desirable to devise
a more effective technigue for using such data in order to
determine, classify and distinguish between normal adaptive
and failed compensation using computer aided techniques
for the purpose of clinical case management consideration.

BRIEF SUMMARY OF THE INVENTION

In accordance with the invention, a spinal analysis pro-
cess and system has been devised which allows for a
systematic application of geometric measurements which,
particularly when illustrated graphically, allow a relatively
easy identification of failed spinal biomechanics for clinical
case management consideration.
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In accordance therewith, normal rotatory scoliosis, 1.e.,
the adaptive mechanism of the spinal system to overcome
structural deficiencies which can be recognized 1n an ante-
rior to posterior (A/P) X-ray view, 1s used to present an x-ray
with alternating convex curves. Each vertebral element
rotates to the side of the convex curve in such a way that any

gross, or subtle, intersegmental disrelationship tends to be
minimized through a symmetrical distribution of structural
misalignment throughout the entire spinal/pelvic system.
The disc angle, i.e., the angle between adjacent vertebral
elements also opens to the side of the convex curve.

It has been found that, by suitably evaluating the rela-
tionships among the convex curve, the vertebral body rota-
tion and the disc angles involved, an appropriate sequential
analysis can be used to identify normal and failed spinal
compensation. Identifying statistically segmental, i.e., ver-
tebral element, failures thereby provides the treating physi-
cian (e.g., a chiropractor) with the necessary information to
provide corrective spinal manipulation to stabilize the
patient’s condition, i.e., primarily to reduce the pain asso-
ciated with such failures. Moreover, evaluating patterns of
segmental failures provides further insight into the extent
and chronicity of spinal breakdown.

In accordance with an initial static measurement tech-
nique of the invention, selected data points on spinal A/P
x-rays are appropriately recorded using an electromagnetic
grid and utilizing known computer aided drafting techniques
in a suitable data processing system. Appropriate data points
on the x-ray are collected and supplied to a data processing
system which is programmed to provide quantitative mea-
surements using such data points and to provide a desired
display thereof for spinal analysis.

When using data points obtained from an anterior to
posterior X-ray view of the spine, for example, data analyses
are provided by the data processing system, from which
analyses segmental failure, regional adaptation and global
compensation can be identified and assessed so that appro-

priate physical spinal manipulations can be applied in the
A/P dimension.

In accordance therewith, the following various displays
can be generated:

1) a graphical display of vertebral body rotation illustrated
as proportional bar graphs related to each vertebral
element, together with corresponding tabular measure-

‘ments.

2) a graphical overlay display of ideal vertebral body
rotations, also illustrated as proportional bar graphs.

3) a graphical display of intersegmental vertebral body
counter rotations illustrated as proportional bar graphs,
together with corresponding tabular measurements.

4) a graphical overlay display of ideal intersegmental
vertebral body counter rotations illustrated as propor-
tional bar graphs.

5) a combined graphical display of vertebral body rotation
and intersegmental counter rotation illustrated as pro-
portional bar graphs, together with copending tabular
measurcments. |

6) a graphical display of intersegmental vertebral body
counter rotations illustrated as proportional bar graphs,
together with tabular measurements converted to a
static quantitative spinal stress unit scale which when
such measurements are made over {ime can be used to
evaluate the patient’s progress.

Further, dynamic measurements can be used in which data

points obtained from spinal x-rays taken in the lateral
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dimension can be obtained during a neutral spinal mode, a
flexion spinal mode and -an extension spinal mode and
supplied to the data processing system. The system appro-
priately manipulates the data points to determine the disc
angles between adjacent vertebral elements for each mode,
s0 as to depict the dynamic changes therein that occur
between modes. The symmetries or dissymmetries in disc
angle change from the neutral disc angle values, particularly
in the cervical region of the spine as well as in the lumbar
region thereof, can be initially displayed and compared with
an ideal dynamic symmetry. Any failures in the lateral
dimension can be recognized and regional adaptations can
be identified and assessed so that appropriate physical spinal
manipulation can be applied in the lateral dimension. Fur-
ther data can be obtained from the data points with respect
to other spinal parameters which can then be converted to a
dynamic quantitative stress unit scale which when such
measurements are made over time can be used to further
evaluate the patient’s progress.

DESCRIPTION OF THE INVENTION

The invention can be described in more detail with the
help of the accompanying drawings wherein

FIG. 1 1llustrates diagrammatically an exemplary verte-
bra;

FIGS. 2 and 3 show displays in bar graph form of
exemplary normal and abnormal left vertebral rotations;

FIGS. 4 and 5 show displays in bar graph form of
exemplary normal left and right vertebral rotations;

FIG. 6 shows a display of superimposed bar graphs of
normal and abnormal left vertebral rotations;

FIG. 7 shows diagrammatically an exemplary vertebral
rotational difference between adjacent vertebrae;

FIGS. 8 and 9 show displays in bar graph form of
exemplary normal right and left vertebral rotational differ-
ences;

FIG. 10 shows a display of superimposed bar graphs of
exemplary normal and abnormal left vertebral rotational
differences;

FIG. 11 shows a combined display in bar graph form of
exemplary superimposed left normal and abnormal vertebral
rotations and exemplary normal and abnormal left vertebral
rotational differences;

FIG. 12 show an exemplary bar graph display of exem-
plary left abnormal vertebral rotational differences and a
tabulation of exemplary spinal stress unit values derived
therefrom;

F1G. 13 shows diagrammatically an exemplary disc angle
between adjacent vertebrae;

FIGS. 14 and 15 show displays in bar graph form of
changes in disc angles for flexion and extension modes for
an exemplary patient and exemplary tabulations of interseg-
mental motions derived therefrom for the cervical and
lumbar regions, respectively;

FIG. 16 depicts exemplary osseous spinal landmarks used
in accordance with a method of determining progress of
freatment of a patient; and

FIG. 17 shows exemplary tabulations for selected param-
eters derived using said osseous landmarks for determining
spinal stress umit values for tracking the progress of the
treatment of a patient,

FIG. 1 depicts a simplified diagram which can be used to
illustrate what 1s meant by vertebral body rotation, as would
be well known to those in the art. As seen therein, vertebral
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4

body rotation 1s measured by identifying four corners 10A
and an interlamina junction point 11 of a vertebra 10
depicted in a simplified form in an anterior/posterior (A/P)
dimension x-ray image. If diagonal lines 12 are drawn from
opposing comers, the intersection location 13 thereof rep-
resents the theoretical center of the vertebra. The horizontal
distance D from a line through the theoretical center 13 to a
parallel line through the interlamina junction 11 represents
the rotation of the vertebral body. The corner points 10A and
the junction point 11 can be supplied to a data processing
system and, using well known computer aided drafting
technmiques, the data processing system can perform the
desired handling of the data so as to determine the intersec-
tion location 13 and the distance D for each vertebra of the
overall spinal column and so as to represent such distance as
a proportional horizontal bar graph.

The linear distance D is in fact an arc length traversed by
the interlamina junction as the vertebral body rotates from
its theoretical center. Thus, while it is not entirely accurate
to refer to this distance, normally expressed in millimeters,
as a ‘“‘rotation”, the linear distance in effect represents a
proportional measurement of vertebral body rotation.
Accordingly, for convenience in understanding the concept,
the vertebral movement is often referred to by those in the
art as “‘rotation” rather than as “arc length” traversed. Thus,
for the sake of understanding and perception the term
rotation 1s used herein instead of “arc length” and such
distance 1s recorded in millimeters rather than in degrees of
rotation,

Each vertebra is measured in a similar fashion and the
individual rotations can be displayed by the data processing
system 1n a giobal coherent bar graph representation. As
used herein the term “global” is used to mean that the
display includes cervical, thoracic and lumbar regions of the
overall spine configuration. The data processing system can
also display such information in tabular form. The results of
a typical global bar graph and tabular display technique are
illustrated in FIG. 2. The methodology used to display a
global representation can also be used to display only
individual regions of the spine if desired.

As shown in FIG. 2 for a left compensating pattern, the
rotation of each vertebra as illustrated by the bars 15 can be
superimposed on a vertical grid 16 which includes grid lines
17 having a known distance therebetween, a typical grid line
separation being 1.0 mm., for example. The display of such
a grid and such superimposition of data illustrated by bars
thereon, 1s also well within the skill of the art of computer
aided drafting techniques in other contexts. Hence, using
such techniques vertebral rotations can be displayed at the
left (L) and right (R) of a center grid line 18. The rotation
distances and directions therecof are also tabulated and
displayed as shown at the left of FIG. 2, also using well-
known data processing tabulation techniques, for cervical
vertebrae C1-C7, thoracic vertebrae T1-T12 and lumbar
vertebrae L1-LS5, respectively.

Viewing the vertebral body rotations in either a regional
or a global perspective as shown in FIG. 2 permits the
viewer to easily identify a rotational discontinuity of one
vertebra with its superior or inferior neighbor and thus
permits a static segmental assessment of the vertebrae on a
regional or global basis.

The measurement and graphical display technique per-
mits any abrupt disrelationship of one vertebra to another to
be readily identified and permits a ready determination of
how that malposition compares to other vertebrae within the
spinal region. This display technique allows the treating
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physician to easily identify discontinuities in rotation and to
decide on a clinical course of corrective treatment to stabi-
lize the patient. Thus, while FIG. 2 depicts an exemplary
graphical presentation of a generally normal or ideal posi-
tioning of the vertebrae, FIG. 3 depicts an exemplary
graphical left compensatory pattern of an abnormal posi-
tioning thercof, wherein the rotations of certain vertebrae,

e.g., C4, T1 and L4, are clearly discontinuous with respect
to their adjacent vertebrae.

Given a condition of compromise, or deviation, from the
ideal architectural alignment of the spinal system, such as
shown in FIG. 3, there exists a functional compensatory
distortion pattern of vertebral body rotation which can
mimimize the intersegmental disrelationships which are
present, while symmetrically distributing the body weight to
the left and right of a true spinal centerline. This compen-
satory pattern of ideal rotation occurs in normal rotatory
scoliosis which 1s an exaggeration due to a structural defi-
clency.

An 1deal stable left compensatory pattern of vertebral
body rotations, 1.e., derived from an x-ray taken from the
A/P dimension is illustrated by FIG. 4 (the same as in FIG.
2), while an ideal stable right compensatory pattern of

vertebral body rotations, is illustrated in FIG. §. These stable
compensatory patterns will occur in response to a unilateral
inferior sacrum, or any deficiency which compromises ideal
alignment.

In accordance with the spinal analysis process of the
invention, an overlay of a right or left ideal compensatory
pattern on an actual compensatory pattern can be used to
assess the adaptive state of the patient’s spinal system, by
matching the i1deal pattern to the patient’s rotation pattern.

While up to now no analysis has been devised to compare
a patient’s vertebral body rotations to ideal compensatory/
stable patterns, such a graphical overlay technique in accor-
dance with the invention permits a treating physician to
more readily identify departures of vertebral body rotations
which do not minimize the global intersegmental disrela-
tionship. A graphical presentation as used in accordance
with the invention makes more clear to a treating physician
what clinical course of treatment should be initiated to return
the spine to a minimal compensatory pattern, such an
assessment not being previously possible without the analy-
sis approach of the invention.

A clinical example of such overlay display technique,
generated by using well-known computer display techniques
1s illustrated in FIG. 6. An ideal compensatory pattern is
depicted by the cross-hatched pattern bars 20 while a
patient’s actual rotation pattern is depicted by solid pattern
bars 21. The graphical presentation permits the actual and
ideal patterns to be readily compared. Thus, in the exem-
plary patterns depicted, the clinical solution to the patient’s
distorted patiern would be to rotate vertebra C4 to the left
and vertebra L4 to the left. Such rotation would then return
the patient to a balanced minimal compensatory pattern. The
amplitudes of the displayed ideal rotation need not be related
to the amplitudes of the displayed actual rotations since only
a general comparison of the overall wave shape configura-
tion is needed to permit readily perceived departures from
the 1deal. Such an assessment can be made without super-
imposing the ideal and actual bar graphs (as with FIG. 3)
although such superimposition has been found helpful in
making such a wave shape comparison.

In as much as the required rotation of individual vertebra
can be demonstrated as discussed above, such analysis may
be subject to the effects of patient positioning as it relates to
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x-ray distortions that may occur in generating data for use in
the graphical presentations. The effects of such distortions
on the linear measurements involved can be minimized by
further investigating the intersegmental rotational relation-
ship. It 1s found that, by measuring the vertebral interseg-
mental rotational relationship, i.e., the rotation as it changes
from one vertebra to an adjacent vertebra, more consistent
information can be provided even when the initial patient
position changes. Thus, the relative rotational interrelation-
ship from one vertebra to another, which will be referred to
below as the counter rotation, may be measured more
accurately even with patient movement to provide further
data for clinical case management consideration.

The counter rotation of one vertebra to another is deter-
mined in the following manner. From data obtained in x-rays
in the left and right A/P dimensions, the rotation of an
inferior vertebra and the rotation of a superior vertebra (the
next adjacent upper vertebra) are determined, as above, and,
in the data processing system, the rotation value of the
inferior vertebra 1s subtracted from that of the superior
vertebra so as to provide a relative rotational difference of
the inferior vertebra as compared to its superior neighbor.

Either the superior or the inferior vertebra may be used as
the reference.

The pattern of rotational difierences can then be displayed

as a proportional bar graph for each intersegmental level.
FIG. 7 illustrates in a simplified manner the methodology
and graphing involved. In the example shown, inferior
vertebra LS 1s rotated 2 mm to the right of superior vertebra
L4, where L4 1s rotated 3 mm right and LS5 is rotated 5 mm
right so that the difference is 2 mm.

An 1deal compensatory pattern for vertebral body rota-
tions dictates that the intersegmental disrelationships be
minimized throughout the global spinal system in accor-
dance with the ideal adaptive rotations shown in FIGS. 4 and
3. FIGS. 8 and 9 illustrate the tabular and graphical patterns
of bar graphs 22 and 23 of global right and left ideal
intersegmental counter rotation patterns, respectively, i.e.,
intersegmental rotational difierences which exist in ideal
adaptive compensation. Other patterns may exist which
illustrate either a breakdown of the primary compensatory
pattern or that the spine 1s in a pre compensatory state. In the
ideal patterns shown in FIGS. 8 and 9, the inferior vertebra
is being compared to its superior neighbor.

Up to now, no analysis has been available which evaluates
abrupt positional changes of intersegmental alignments and
at the same time minimizes the effects of patient positional
changes and possible x-ray distortions. Viewing a patient’s
intersegmental counter rotations, both regional and global,
as proportional horizontal bar graphs, in accordance with the

invention, allows an easy identification of such abrupt
positional alignment changes.

FIG. 10 illustrates an exemplary display of a patient
counter rotation bar graph, devised in accordance with the
process discussed with reference to FIG. 7 as discussed
above. FIG. 10 further includes an overlay of ideal left
intersegmental counter rotations, such as shown by the
cross-hatched bars 24 and the actual exemplary counter
rotations in a patient, such as shown by the solid bars 25, in
FIG. 10. The intersegmental levels of the highest bar graph
values identify where adaptive rotational compensation has
failed. In the example shown, counter rotation failure
occurred at C4, C5, TS, T6 and L3, L4. The treating
physician can immediately identify such failures from the
ideal adaptive compensation using this counter rotation
method of analysis wherein such an overlay comparison can
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be made. Thus, the information contained 1n the comparison
analysis of FIG. 10 makes more clear to the treating phy-
sician where specific spinal treatment 1S required.

The combined information provided by a vertebral body
rotational comparison graph (e.g., FIG. 6) and by a vertebral

body counter rotational (difference) comparison graph (e.g.,
FIG. 10) makes clear the determination of where maximum
rotational stress is occurring and where adaptive compen-
sation has failed in the spinal system. FIG. 11, for example,
illustrates a display of combined vertebral body and counter
rotational comparison analysis, which can be generated and
placed simultaneously on a display for the treating physi-
cian.

The counter rotational graph at the right of the display
identifies clearly the levels of highest rotational stresses
while the rotational graph at the left thereof identifies a
failure relative to normal adaptive compensation. The dis-
relationships involved can be corrected by the treating
physician using the exemplary graphs of FIG. 11 by rotating
vertebra C4 to the left, TS to the right and L3 to the left. By
correcting the rotational aberrations one corrects the failure
relative to adaptive compensation in the A/P dimension
using such static measurements and display.

The intervertebral counter rotational (difference) analysis
is a direct measurement of rotational stress on the spinal
system. Rotational stress distribution can be assessed for its
symmetry with respect to giobal compensation. FIG. 12, for
example, illustrates a display of an exemplary tabular sum of
the global (i.e., all three spinal regions combined), the
regional (for all three regions separately) and specific
regional ranges (for specified portions within a region or
overlapping of two regions) of the counter rotational or
difference measurements shown by the bar graph in FIG. 12
(which is the same as that shown in FIG. 10). In the example
shown, one millimeter of counter rotation is assigned the
value of one spinal stress unit (SSU).

A global spinal stress unit scale number can be obtained
by adding the spinal stress calculated unit for each of the
spinal regions, e.g., 27.0 in FIG. 12. Such scale number
allows an objective quanfitative assessment of spinal rota-
tional stress and symmetry. A series of such assessments
taken over time throughout treatment can be compared so as
to identify the response and effectiveness of spinal adjust-
ment procedures and support modalities that have been used
in treatment, i.e., to track the patient’s treatment progress,
¢.g., the SSU number should decrease as successtul treat-
ment proceeds. Such an objective number which can be used
to track rotational symmetry of the spine has not been
previously available for ready investigation by a treating
physician.

In summary, the spine can be evaluated in the A/P
dimension through the use of a static graphical analysis
technique by which the vertebral body rofation and inter-
segmental counter rotations can be etfectively computed and
displayed. The analysis uniquely identifies a failure to
achieve ideal compensation and assists the treating physi-
cian in determining a clinical course of treatment. A series
of x-rays can be quantitatively analyzed and compared over
time to produce an objective spinal stress unit (SSU) score
to permit a continued assessment of active treatment inter-
vention.

A simiiar dynamic methodology of analysis can be
applied to the evaluation of the inter-vertebral disc angles of
the spine as determined from x-rays in the lateral dimension.
A disc angle i1s the angle of the region between adjacent
vertebrae in which a spinal disc resides, as shown 1n the
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simplified idealized diagram of FIG, 13. As seen therein the
extended lines 30 and 31, respectively drawn between the
lower comers of a superior vertebra 32 and the upper corners
of an inferior vertebra 33 form a disc angle 34, a disc (not
shown) residing between the vertebrae.

With such corner data points obtained ifrom a lateral
dimension x-ray, the computer can calculate all of the disc
angles for the cervical vertebrae, for example, using well-
known computer aided drafting techniques, and can display
such calculated disc angles as a proportional horizontal bar
graph for each cervical vertebral level. A normal disc angle
for each vertebral level can be generated for a normal
convex curve of the cervical region and such normal disc
angles can also be displayed for the cervical region so that
they can be overlaid and compared with the patient’s cal-
culated disc angles. Such normal disc angles can be gener-
ated from previous known studies of lateral dimension
x-rays and, in effect, are derived as average disc angles from
a large number of normal patients, i.e., patients not known
to be suifering from cervical vertebral dislocation, when the
patients are in a neutral spinal mode, 1.e., the spine 1s 1t a
vertical, non-fiexed and non-extended position.

Similar disc angles can also be calculated from a patient’s
lateral dimension x-ray for the lumbar and thoracic regions.
Average disc angles from studies of a large number of
normal patients can be generated for comparison.

The integnity of intersegmental cervical mobility can be
evaluated by assessing the amount of angular change that
occurs between the neutral and fiexion modes and between

the neutral and extension mode. Such measurements have
been investigated by others for a normal, i.e., an uninjured,
population, for example, in the article Journal of Neurora-
diology, “Radio-Functional Analysis of the Cervical Spine
using the Arlen Method”; Kramer, M., 1989. Such article
reported findings that indicate an approximate 1:1 ratio of
angular change between C1/C2, C2/C3, C3/C4, C4/CS, and
C5/C6 and a 2:1 ratio for C6/C7. A 2:1 ratio is assumed for
C7/T1.

In accordance with the invention, intersegmental disc
angle change is calculated as discussed above for flexion and
extension for each cervical motion segment and the values
arc displayed using bar graphs to compare the patient to
normal values. FIG. 14 shows angular change or displace-
ment values 26 for flexion and values 27 for extension as
illustrated from a centerline 30). The normal intersegmental
range of motion is illustrated with hatched bar graphs 27A.
Further, the range of motion (referred to in FIG. 14 as ROM)
can also be calculated as a percentage of ideal ROM for
flexion, extension and flexion plus extension for the indi-
vidual motion segments.

Intersegmental motion 1s evaluated by taking the differ-
ence between the flexion and extension values. When a
motion segment 1S functionally intact, predictable motion

occurs. Aberrant motion ratios indicate a functional neutral

fixation equal to the amount of fiexion or extension differ-
ence, 28 (FIG. 14).

Patient values for all the motion segments can be com-
bined (FIG. 14) to evaluate global fiexion 29, extension 29A,
flexion plus extension 29B and intersegmental motion dis-
symmetry 29C. The global patient values are expressed as a
percentage of ideal values 29D.

The neutral fixation value can be used to evaluate which
segment 1S most functionally disrupted and what line of
correction (referred to as LOC) is needed for treatment
consideration. A deficient excursion in extension (E)
requires an inferior to superior LOC while a deficient
excursion in flexion (F) requires a superior to inferior LOC.
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The measurement and display of intersegmental motion in
the lateral dimension uniquely identifies a failure to achieve
normal adaptive compensation. It quantitatively identifies
motion segment dysfunction for treatment consideration. It
compares the patient to ideal angular displacemenis by
overlay and tabular calculation techniques and quantita-
tively identifies each segmental dysfunction as a flexion or
extension fixation. Segmental and regional ROM can be
accurately determined.

An cxemplary analysis of the dynamic situation for the
cervical region depicted in FIG. 14 would indicate that the
occiput 1s substantially fixed in fiexion and would require a
supcrior to interior (LOC) to correct 1ts neutral position. C1
1s fixed in extension and would require an inferior to
superior LOC to correct its neutral position.

A similar exemplary display of disc angle calculations for
the lumbar region is depicted in FIG. 15. An exemplary
analysis of the dynamic situation depicted in FIG. 15 would
indicate that 1.S/S1 is fixed in flexion and would require a
superior to inferior LOC to correct their neutral positions.

While a similar display can be provided for the thoracic
region, this analysis 1s not performed as the thoracic region
has very little flexion and extension due to the rib cage.
However, if needed, it can be performed using the same
techniques discussed above.

In addition to a static global spinal stress unit scale, in the
A/P dimension, as already discussed above, a lateral dimen-
sion dynamic spinal stress unit, or value, can be generated in
the lateral motion study so as to track a patient’s progress
over time.

In order to track a patient’s progress as treatment based on
the above analysis is pursued, it is desirable to provide an
objective criterion, i.e., an objective value, or values, that
can be calculated periodically over a treatment time period
to determine if the treatment has produced, and is continuing
to produce, desired results. In accordance with the invention,
an objective spinal stress unit value for each spinal region,
as well as a global spinal stress unit value representing a
combination thereof, has been developed using a plurality of
appropriately selected parameters which can be determined
from a measurement of specifically defined osseous land-
marks in each of lateral spinal regions.

Osseous landmarks for the cervical spinal region as
shown in FIG. 16 are determined using lateral cervical
X-rays. The landmarks illustrated in the figure are identified
as follows:

1. the anterior and posterior intersection of the condyles
with the skull.

2. the mid point of the anterior arch of atlas.

3. the mid point of the posterior arch of atlas.

4. the supertor intersection of the pedicle and body of C2.
5. the inferior anterior position of the body of C2.

6. the inferior posterior position of the body of C2.

7. the four corners of the vertebral body of C3, C4, C5,
Ce, CT.

8. the superior anterior position of the body of T1.

0. the superior posterior position of the body of T1.

The x-ray is placed on an electromagnetic grid and the
coordinates of the osseous landmarks are recorded. Using
appropriate and known graphical software, the coordinates
of the patient x-ray are suitably processed to provide a
geometric model of the cervical spine so that a graphic
image thereof i1s rendered, as illustrated in FIG. 16. The
patient data points with respect to cervical vertebrac are
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stored for retrieval to calculate the following lateral cervical
measurements:

LATERAL CERVICAL MEASUREMENTS

CDL<: Condylar Angle (deg)/Plane line of the occiput

This parameter represents a reference position of patient
placement in accordance therewith the following two points
(See FIG. 16) are located and a line is drawn and compared
to a true horizontal.

Point 1. anterior occipital condlyle and skull intersection

Point 2. posterior occipital condyle and skull intersection

With respect to this reference position, a neutral place-
ment position is 30 degrees to the horizontal. Cl<: C1 Angle
(deg)

This parameter represents the angle of atlas plane line to
the horizontal. A neutral position 1s approximately 27
degrees in extension. In accordance therewith the following
two points are located and a line 1s drawn and compared to
a true horizontal.

Point 1. The vertical distance _of the anterior arch of atlas
1s measured and bisected

Point 2. The vertical distance of the posterior arch is

measured and bisected.

Clinically, an increased angle indicates a fixed extension
of C1 and a posterior displacement of the head weight, while
a decreased angle indicates fixed flexion of C1 and an
anterior displacement of the head weight.

CDL/C1<: Condylar/C1 Angle (deg)

This parameter represents the interangular relationship of
the plane line of the condyles and the atlas plane line.
Neutral position 1s 2.5 degrees facing the anterior (exten-
sion). Clinically, diminished or reversed angulation is sug-
gestive of fixed flexion of the occiput and an anterior
displacement of the head weight, while increased angulation
indicates a fixed extension of the occiput and a posterior
displacement oi the head weight.

C2<: C2 Angle (deg)

This parameter represents the angle of C2 compared to the
horizontal using a perpendicular to the posterior C2 body. A
neutral position 1s 10 degrees in extension. The following
two points are connected to form a line AB.

Point 1. Superior posterior body of C2 at pedicle junction

Point 2. Inferior posterior body of C2

A perpendicular 1s drawn from line AB and is compared
to a true horizontal. Clinically, a decreased angle causes
anterior displacement of the head weight, loss of upper
cervical curve and anterior weight bearing to the entire
cervical curve; while an increased angle causes posterior
displacement of the head weight, an increase in the upper

cervical curve and an increased loading to the posterior

pillar.

C1/C2<: C1/C2 Angle (deg)

This parameter represents the inter-relationship of the
atlas plane line to the C2 body perpendicular. A neutral
position is 18 degrees in extension. Clinically, an increased
angle indicates a C1 fixed in extension and a posterior
displacement of the head weight, while a decreased angle
indicates a C1 fixed in fiexion and anterior displacement of
the head weight. |
Rc: Radius of Curvature; Overall (cm)

Thus, the radius parameter is a measure of the cervical
curvature using three points located on the posterior superior
bodies of C2, C5 and T1. In the neutral position the ideal
radius Rcl is determined by equilibrating Rcl to the chord
distance measured from anterior C1 (point 1 of atlas plane
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line) to the posterior superior body of T2. Clinically, a ioss
of curvature (increased radius of curvature; hypolordotic) in
combination with fixed flexion results in an increased load-
ing to the anterior pillar. An anterior loading is a causative
factor in accelerated anterior pillar (disc and vertebral body)
degeneration. An anterior loading results in separation of the
posterior (facet) joints leading to hypermobility. A gain of
curvature (decreased radius of curvature; hyperlordotic)
causes increased loading onto the posterior piliar (facet

joints). A posterior loading causes facet jamming and hypo-
mobility.
RcU: Radius of Curvature; Upper (cm)

The radius of curvature of the upper cervical curve 1s
measured using three points located on posterior superior
bodies of C2, C3, C4. The upper radius 1s compared to the
ideal and measured radius. When the cervical curve is
coherent the upper radius approximates the overall radius
(Rc) of curvature. A difference of the upper and lower radius
to the measured radius is suggestive of ligamentous disrup-
tion or dysfunction. Clinically, an increased radius of cur-
vature (hypolordosis) causes increased loading to the ante-
rior pillar when accompanied with a centerline angle in fixed
flexion; while a decreased radius of curvature (hyperlordo-
sis) causes increased loading to the posterior pillar. Abnor-
mal facet loading occurs with a non coherent curve particu-
larly in the presence of fixed extension.

RcL: Radius of Curvature; Lower (cm)

The radius of curvature of the lower cervical curve i1s
measured using three points located on the posterior superior
bodies of C5, C6, C7. The lower radius is compared to the
ideal and measured radius. When the cervical curve 18
coherent the lower radius approximates the measured radius
(Rc) of curvature. A difference of the upper and lower radius
to the measured radius is suggestive of ligamentous disrup-
tion or dysfunction. Clinically, an increased radius of cur-
vature (hypolordosis) causes increased loading to the ante-
rior pillar particularly in the presence of fixed flexion of the
centerline angle. A decreased radius of curvature (hyperlor-
dosis) causes increased loading to the posterior pillar. An
abnormal facet loading occurs with a non coherent curve
particularly in the presence of fixed extension of the cen-
terline angle.

CL<Rc: Centerline Angle of the Radius of Curvature (cm)

This parameter represents the centerline angle of the
radius of curvature and 1s a measure of fixed extension
(+angle) or flexion (—angle) of the cervical curve. The curve
centerline is drawn from the points (1) the curve focus and
(2) the center of the curve. The curve centerline 18 compared
to a true horizontal. Clinically, fixed flexion of the centerline
angle results in anterior weight bearing of the skull through-
out the entire cervical curve with maximum torsional load-
ing at C7/T1. The head and neck extensors are in chronic
reactive contraction and fatigue.

CL<RcU: Centerline Angle of the Upper Radius (cm)

This parameter represents the centerline angle of the
upper radius of curvature 1s a measure of fixed extension (+)
or flexion (—) of the upper cervical curve. The curve cen-
terline is drawn from the poinis (1) the upper curve focus
and (2) the center of the upper curve. The upper curve
centerline is compared to a true horizontal. Clinically, fixed
flexion results in increased loading to the anterior pillar, C2
flexion and reactive C1 extension. The head and neck
extensors are in chronic reactive contraction. Fixed exten-
sion results in posterior weight bearing of the head with
increased posterior pillar loading.

CL<RcL.: Centerline Angle of the Lower Radius (cm)

This parameter represents the centerline angle of the
lower radius of curvature 1s a measure of fixed extension (+)
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or flexion (—) of the lower cervical curve. The centerline i1s
drawn from the points (1) the lower curve focus and (2) the
center of the lower curve. The lower curve centerline is
compared to a horizontal. Clinically, fixed flexion results 1n
increased loading of the anterior pillar and reactive C1
extension. The neck extensors are in chronic reactive con-
traction, while fixed extension of the lower cervical curva-
ture results in increased posterior pillar loading.

SV<: Stress Vertebra Angle (deg)

This parameter represents the stress vertebra line inter-
section and 1s a measure oi the integrity of the cervical
curve. Lines are drawn off the posterior bodies of C2 and C7.
The normal angle of intersection 1s 38—43 degrees. Clini-
cally, diminished angulation represents hypolordosis with
resultant increased anterior pillar loading and separation of
the facet joints particularly when in combination with fixed
regional flexion. Increased angulation represents hyperlor-
dosis with resultant increased posterior pillar loading and

jamming of the facet joints particularly when in combination

with fixed regional extension.
SV: Stress Vertebra (scale of ten divisions)

This parameter represents the stress vertebra and 1s the
location of intersection of the cervical stress lines. The
normal location of intersection is at the C4/C5 disc inter-
space. The vertebra body 1s divided into 10 equal divisions
and reported as ex. C4.9 (i.e., the intersection occurs %ioth
of the way down the C4 vertebral body. Clinically, intersec-
tion of cervical stress lines other than C4/CS indicates
abnormal increased segmental loading at that location.
GCS: Gravity transfer at C5 (mm)

This parameter represents a horizontal measure of the
head weight as it is projected vertically downward from
posterior superior body of C2 as it passes by the posternor
superior point of the CS vertebral body. In an intact cervical
curve the head weight passes posterior to the CS reference
point. As the curve destabilizes through loss of curvature or
fixed flexion, the head weight passes anterior of the C3
reference point. Clinically, anterior positioning of the head
weight creates abnormal loading to the anterior pillar of the
cervical curve. Increased torsional stresses are in direct
proportion to the anterior linear displacement of GCS.
Anterior weight bearing causes posterior joint separation
and abnormal ligament loading. Anterior loading 1s a known
degenerative accelerator to the anterior pillar (disc and
vertebral body).

GC7: Gravity transfer at C7 (mm)

This parameter represents a horizontal measure of the
head weight as 1t i1s projected vertically downward from
posterior superior body of C2 as it passes by the posterior
superior point of the C7 vertebral body. In an ideal intact
cervical curve the head weight passes through the C7
reference point. Clinically, as the head weight passes ante-
rior to the reference point increased torsional loading occurs
at C7/T1 which 1s directly proportional to the anterior linear
displacement. Anterior weight bearing causes posterior joint
separation and abnormal ligament loading. Anterior loading
and posterior joint separation is a known degenerative
accelerator to the anterior pillar of the motion segment.
C4<: C4 Vertebral Angle (deg)

This parameter 1s measured by comparing a line drawn
from the inferior plate of C4 intersecting with a horizontal.
The normal value is 5 degrees in flexion. The C4< demon-
strates the positional integrity of the base of the upper
cervical radius of curvature. Clinically, a decreased value
would indicate a segmental positioning failure resulting in
fixed flexion of the upper radius, while an increased value
would indicate a segmental positioning failure resulting in
fixed extension of the upper radius.
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C7<: C7 Vertebral Angle (deg)

This parameter is measured comparing a line drawn from
the 1nferior plate of C7 intersecting with a horizontal. The
normal value i1s 27 degrees in flexion. The C7< demonstrates
the positional integrity of the base of the lower cervical
radius of curvature. Clinically, an increased flexion value
would indicate a segmental positioning failure resulting in
fixed flexion of the lower cervical radius of curvature, while
an increased extension value would indicate a segmental
positioning failure resulting in fixed extension of the lower
cervical radius.

T1<: T1 Angle (deg)

This parameter is measured comparing a line drawn off
the superior plate of T1 intersecting with a horizontal. The
normal value i1s 30 degrees in flexion. The TI< demonstrates
positional integrity to the base of the cervical curve. Mal-
posttioning of the TI< results in fixed fiexion or extension of
the cervical curve. Clinically, an increased flexion value
would result in hyperlordosis of the lower cervical curve,
while an increased extension value would result 1n hypolor-
dosis of the cervical curve.

C2, C3, C4, C5, C6, C7 Disc<: (deg)

The disc angles are measured using the anterior and
posterior disc heights. The measured disc angles are com-
pared to ideal values of intact cervical curves with SV<
greater than 38 degrees and less than 43 degrees. Clinically,

a diminished angle results in anterior pillar loading, fixed
flexion of the supenior vertebra, fixed flexion of the CL<Rc
and posterior joint instability, while an increased angle result
in posterior pillar loading, fixed extension of the superior
vertebra, fixed extension of the CL<Rc and excessive pos-
terior joint loading.

In a similar manner, patient data points with respect to
thoracic vertebrae are stored for retrieval to calculate the
following lateral thoracic measurements:

LATERAL THORACIC MEASUREMENTS

Rc: Radius of Curvature; Overall (cm)

The radius 1s a measure of the thoracic curvature using
three points located on the anterior superior body of T1, T6
and anterior inferior T12. Clinically, a loss of the curvature
(increased radius of curvature, hypokyphotic) in combina-
flon with fixed regional extension, results 1n increased
posterior piliar loading, while a gain in curvature (decreased
Rc, hyperkyphosis) in combination with fixed regional flex-
ion causes increased loading to the anterior pillar with
separation of the posterior facets.

Rcl: Radius of Curvature; Ideal (cm)

In the neutral position the ideal radius is calculated by
equilibrating it to the chord distance from anterior/superior
T1 to posterior/inferior T12.

RcU: Radius of curvature, Upper (cm)

The upper radius of curvature is measured using three
points located on the anterior/superior body of T1, T3 and
T6. The upper radius is compared to the ideal and measured
radius. When the thoracic curve 1s coherent the upper radius
approximates the measured (Rc) radius. Clinically, a differ-
ence in the upper radius to the measured radius is suggestive
of the thoracic curve working as two separate units to
accomplish regional and global compensation. An increased
radius of curvature (hypokyphotic) causes increased poste-
rior pillar loading. A decreased radius of curvature (hyper-
kyphotic) causes increased loading to the anterior pillar.
Rcl.: Radius of Curvature, Lower (cm)

The lower radius of curvature 1s measured using three
points located on the anterior superior body of T7, T9 and
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T12. The lower radius is compared to the ideal and measured
radius. When the thoracic curve is coherent the lower radius
approximates the measured (Rc) radius. Clinically, a differ-
ence 1n the lower radius to the measured radius 1s suggestive
of the thoracic curve working as two separate units to
accomplish regional and global compensation. An increased
radius of curvature (hypokyphotic) causes increased poste-
rior pillar loading. A decreased radius of curvature (hyper-
kyphotic) causes increased loading to the anterior piliar.

CL<Rc: Centerline Angle of the Radius of Curvature (deg)

The centerline angle of the radius of curvature is a
measure of tixed extension (+ angle) or flexion (— angle) of
the thoracic curve. The curve centerline i1s drawn from the
points (1) the curve focus and (2) the center of the curve. The
curve centerline 1s compared to a horizontal. Clinically,
fixed flexion of the centerline angle results in increased
loading to the anterior pillar, while fixed extension of the
centerline angle results in increased loading to the posterior
pillar.

CL<RcU: Centerline Angle of the Upper Radius (cm)

The centerline angle of the upper radius of curvature is a
measure of fixed extension (+) or flexion (—) of the upper
thoracic curve. The curve centerline is drawn from the
points; 1) the upper curve focus and 2) the center of the
upper curve. The upper curve centerline is compared to a
horizontal. Clinically, fixed flexion of the centerline angle
results 1n 1ncreased loading to the anterior pillar, while fixed
extension of the centerline angle results in increased loading
to the posterior pillar.

CL<RcL: Centerline Angle of the Lower Radius (cm)

The centerline angle of the lower radius of curvature is a
measure of fixed extension (+) or flexion () of the lower
thoracic curve. The centerline is drawn from the points (1)
the lower curve focus and (2) the center of the lower curve.
The lower curve centerline i1s compared to a horizontal.
Clinically, fixed flexion of the centerline angle results in
increased loading to the anterior pillar, Fixed extension of
the centerline angle results in increased loading to the
posterior pillar.

SV<: Thoracic Stress Vertebra Angle (deg)

The stress vertebra line intersection is a measure of the
integrity of the thoracic curve. Lines are drawn off the
anterior vertebral body margins of T1 and T12. The normal
angle of intersection is approximately 55-60 degrees. Clini-
cally, diminished angulation (Hypokyphosis) results in
increased posterior pillar loading, while increased angula-
tion (hyperkyphosis) results in increased anterior pillar
loading.

SV: Stress Vertebra (scale of 10 equal divisions)

The stress vertebra indicates the location of intersection of
the thoracic stress lines. The normal intersection location is
the T6/17 disc interspace. The vertebra body is divided into
10 equal divisions and reported as ex. T4.9 (i.e., the line
intersection occurs %oth of the way down the T4 vertebral
body. Clinically, intersection of the thoracic stress lines
other than T6/T7 indicates abnormal increased segmental
loading at that location.

GT7; Gravity Transter at T7 (mm)

GT7 is a horizontal measure of the body weight as it is
projected vertically downward from the posterior superior
body of T1 and compared to anterior superior body of T7. In
an intact thoracic curve the body weight should pass anterior
to the T7 reference point. Clinically, a horizontal measure
passing posterior (+) to the T7 reference point indicates a
disruption of the thoracic curvature or a centerline angle in
fixed extension both of which cause posterior pillar loading
to the lower thoracic and lumbar curves.
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GT12: Gravity transfer at T12 (mm)
GT12 is a horizontal measure of the body weight as it 1s

projected vertically downward from the posterior superior
body of T1 and compared to posterior inferior body of T12.
In an intact thoracic curve the body weight should pass
through the reference point. Clinically, a horizontal measure
passing posterior(+) to the T12 reference point indicates a
disruption of the thoracic curvature or a centerline angle 1n
fixed extension both of which cause increased posterior
pillar loading to the lumbar spine.

T1l<: T1 Angle (deg)

The parameter 1s essentially the same as the cervical T1<.
The Tl< is measured comparing a line drawn off the
superior plate of T1 intersecting with a honizontal. The
normal value is 30 degrees in flexion. The T1< demonstrates
positional integrity to the base of the cervical curve. Mal-
positioning of the T1< results in fixed flexion or extension
of the cervical curve. Clinically, an increased flexion value
would result in hyperlordosis of the lower cervical curve,
while an increased extension value would result in hypolor-
dosis of the cervical curve.

Té<: T6 Angle (deg)

The T6 angle 1s measured drawing a line off the inferior
plate of T6 and intersecting it with a horizontal. As this
represents the inflection point of the thoracic curve the
normal finding would be zero degrees. Clinically, a negative
value (flexion) would force the upper thoracic curve into
fixed flexion with resultant anterior pillar loading, while a
positive value (extension) would force the upper thoracic
curve into extension with resultant posterior loading to the
lower thoracic and lumbar curves.

T12<: T12 Angle (deg)

The T12 angle is measured comparing a line drawn oft the
inferior plate of T12 and compared to a horizontal. The
normal value is approximately 28 degrees. Clinically, a
diminished value results 1n fixed flexion of the lower tho-
racic curve and increased anterior loading to the upper
lumbar curve, while an increased value results in fixed
extension of the lower thoracic curve and increases posterior
loading to the upper lumbar curve.

Disc<: Disc angle; T1, T2, T3, T4, TS, T6, T7, T8, 19, T10,
T11, T12 (deg)

The disc angles are measured using the anterior and
posterior disc heights. Clinically, diminished angles result in
anterior pillar loading, fixed flexion of the superior vertebra,
fixed flexion of the CL<Rc and posterior joint instability,
while increased angles result in posterior pillar loading,
fixed extension of the superior vertebra, fixed extension of
the CL<Rc and excessive posterior joint loading.

In a similar manner, patient data points with respect to
lumbar vertebrae are stored for retrieval to calculate the
following lateral lumbar measurements:

LATERAL LUMBAR MEASUREMENTS

Rc: Radius of Curvature, Overall/Measured (cm)

The radius of curvature is a measure of the lumbarlordosis
using three points located on the anterior superior body of
L1, L3 and LS. Clinically, a loss of the curvature (increased
radius of curvature, hypolordotic) in combination with fixed
regional fiexion, results in increased anterior pillar loading
and posterior joint separation, while an increase in the
curvature (hyperlordotic) in combination with regional fixed
extension, results in increased loading to the posterior pillar.
Rcl: Radius of Curvature, Ideal

In the neutral position the ideal radius is calculated by
equilibrating it to the chord distance from posterior/superior
.1 to posterior/inferior S1.
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RcU: Radius of curvature, Upper (cm)

The upper radius of curvature 1s measured using three
points located on the anterior superior body of L1, L2 and
L3. The upper radius is compared to the 1deal and measured
radius. When the lumbar curve is coherent the upper radius
approximates the measured (Rc) radius. Clinically, a differ-
ence in the upper radius to the measured radius is suggestive
that the lumbar curve is working as two separate units to
accomplish regional and global compensation. Ligament
instability or disruption is also suggested. An increased
radius of curvature (hypolordosis) causes increased anterior
pillar loading when combined with fixed flexion. A
decreased radius of curvature (hyperlordosis) causes
increased posterior loading when combined with fixed
extension,

RcL: Radius of Curvature, Lower (cm)

The lower radius of curvature is measured using three
points located on the anterior superior body of L4, L5 and
S1. The lower radius is compared to the measured radius.
When the lumbar curve is coherent the lower radius approxi-
mates the measured (Rc) radius. Clinically, a difference in
the lower radius to the measured radius is suggestive that the
lumbar curve 1s working as two separate units to accomplish
regional and global compensation. Ligament instability or
disruption is also suggested. An increased radius of curva-
ture (hypolordosis) when combined with fixed fiexton
causes increased anterior pillar loading. A decreased radius
of curvature (hyperlordosis) when combined with fixed
extension causes increased posterior pillar loading.
CL<Rc: Centerline Angle of the Radius of Curvature (deg)

The centerline angle of the radius of curvature is a
measure of fixed extension (+ angle) or flexion (— angle) of
the lumbar curve. The curve centerline is drawn from the
points; 1) the curve focus and 2) the center of the curve. The
curve centerline is compared to a horizontal drawn through
L.3/4. Clinically, fixed flexion of the centerline angle results
in increased anterior piliar loading and posterior joint sepa-
ration. The pelvic extensors are 1n chronic reactive contrac-
tion, while fixed extension of the centerline angle results 1n
increased posterior pillar loading. The pelvic flexors are in
chronic reactive contraction.

CL<RcU: Centerline Angle of the Upper Radius (cm)

The centerline angle of the upper radius of curvature 1s a
measure of fixed extension (+) or flexion (—) of the upper
lumbar curve. The curve centerline 1s drawn from the points;
1) the upper curve focus and 2) the center of the upper curve.
The upper curve centerline is compared to a horizontal.
Clinically, fixed flexion of the centerline angle results in
increased anterior pillar loading, while fixed extension of the
centerline angle results in increased posterior pillar loading.
CL<RcL: Centerline Angle of the Lower Radius (cm)

The centerline angle of the lower radius of curvature is a
measure of fixed extension (+) or flexion (—) of the lower

- lumbar curve. The centerline is drawn from the points; 1) the
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lower curve focus and 2) the center of the lower curve. The
lower curve centerline 1s compared to a horizontal. Clini-
cally, fixed fiexion of the centerline angle results in
increased anterior pillar Ioading, while fixed extension of the
centerline angle results in increased posterior piliar loading.
SV<: Lumbar Stress Vertebra Angle (deg)

The stress vertebra line intersection 1s a measure of the
integrity of the lumbar curve. Lines are drawn off the
posterior vertebral body margins of L1 and LS and the acute
intersection angle measured. The normal intersection angle
is approximately 35-38 degrees. Clinically, diminished
angulation (Hypolordosis) results in increased anterior pillar
loading when combined with fixed flexion, while increased
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angulation (hyperlordosis) results in increased posterior
pillar loading when combined with fixed extension.
SV: Stress Vertebra (scale of 10 equal divisions)

The stress vertebra indicates the location of intersection of
the lumbar stress lines. The normal intersection location is
the L.3/4 disc interspace. The vertebra body 1s divided into
10 equal divisions and reported as ex. L4.9 (i.e., the inter-
section occurs %ioth of the way down the L4 vertebral body.
Clinically, intersection of the lumbar stress lines other than
the L.3/4 interspace indicates abnormal increased segmental
loading at that location.

GL4: Gravity Transfer at 14 (mm)

GL4 is a horizontal measure of the body weight as it is
projected vertically downward from posterior superior body
of .1 and compared to posterior superior L4. In an intact
curve the body weight should pass posterior to the L4
reference point. Clinically, a horizontal measure passing
anterior (—) to the reference point indicates a disruption of
the lumbar curvature or a centerline angle in fixed flexion
both of which cause increased anterior pillar loading to the
lower lumbar curve.

GS1: Gravity Transfer at S1 (mm)

GS1 is a horizontal measure of the body weight as it is
projected vertically downward from posterior superior body
of L1 and compared to posterior superior S1. In an intact
curve the body weight should pass through the reference
point. Clinically, a horizontal measure passing posterior (+)
to the S1 reference point indicates increased posterior pillar
loading to the lumbar spine.

LL1<: L1 Angle (deg)

A line 1s drawn ofi the inferior body of L1 and compared
to a honizontal. The normal value would be approximately
2’7 degrees 1n extension. Clinically, a decreased value causes
flexion of the lower thoracic curve and is usually associated
with fixed fiexion of the upper lumbar curve, while an
increased value results in extension of the lower thoracic

curve and 1s usually associated with increased posterior
loading of the lumbar curve and sacroiliac joints.

L.3<: L3 Angle (deg)

A line is drawn off the inferior body of L3 and compared
to a honizontal. The reference position of zero is used in
assessment. Clinically, an increased value results in exten-
sion of the upper lumbar spine and is usually associated with
increased posterior pillar loading of the lumbar spine and
sacroiliac joints, while a decreased value results in flexion of
the upper lumbar curve and is usually associated with
increased anterior pillar loading of the lumbar spine.

L3<: LS Angle (deg)

A line 1s drawn off the inferior body of LS and compared
to a honzontal. The normal value is approximately 25
degrees in flexion. Clinically, a decreased negative (exten-
sion) value results in increased posterior pillar loading of the
lumbar spine and sacroiliac joints, while an increased nega-
tive value (flexion) results in increased loading to the
anterior pillar of the lumbar spine and sacroiliac joints.
Disc <: Disc angle 1.1, L2, L3, L4, L5

The disc angle 1s measured using the anterior and poste-
rior disc height values. The measured DISC ANGLES are
compared to ideal values of intact lumbar curves whose
stress line angles measured between 35-43 degrees. Clini-
cally, an increased angle results in fixed extension of the
superior vertebra with resultant increased posterior pillar
loading, while a decreased angle results in fixed flexion of
the superior vertebra with resultant increased antenor pillar
loading.

. Appropnately selected ones of the above parameters can
then be used to determine a spinal stress unit value for each
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of the three spinal regions. A proposed example thereof is
shown in FIG. 17 wherein twenty-five of the cervical
parameter measurements are used to determine a cervical
spinal stress unit (SSU) value, which value is calculated
from the absolute value of the differences of those param-
eters from an ideal value in each case. The determinations
can be made at an initial patient examination before treat-

ment (1dentified as “Pre”) and after a first treatment (iden-
tified as “‘Post”). The cervical SSU value 1s the sum of the

absolute values of such differences. The ideal values used
therein were determined from a study of a relatively large
number of patients having substantially intact cervical
curves where the upper and lower radu of curvature were
essentially coherent, 1.e., there were no substantial distor-
tions therein and they were within a normal range expected
for uninjured patients. Thus, such ideal values were deter-
mined from X-rays in which the radi of curvatures of
several of the cervices’ of the patients involved were within
10 cm. of each other and in which the stress lines, i.e., the
tangents at the ends of the cervical curve formed an angle
between 38°-43°. With respect to such patients, the “ideal”
parameters were determined by taking the statistical mean
(frequency of occurrence) thereof.

As can be seen in FIG. 17 for the particular example
depicted therein, the cervical SSU showed a reduction from
183.1 10 126.8 (i.e., a 31% change in a direction closer to the
ideal). Still further comparable comparisons can be made
over a series of treatment periods until the reduction in the
SSU value becomes minimal, (i.e., no further reduction
occurs) and treatment has proceeded to a point where further
treatment will not result in further improvement.

Similar SSU values for the thoracic and lumbar regions
can be calculated and a global SSU value can be calculated
as the sum of each of the regional SSU values.

The sensitivity of the spinal problems that may exist in a
patient can be assessed in a general way by assigning a
severity scale corresponding to various ranges of the
regional and global SSU values as set forth in FIG. 17. As
can be seen in the particular example of FIG. 17, the initial
(Pre) cervical SSU falls into a *very severe” range while the
post cervical SSU falls into a “severe” range. Further
treatment should reduce the values to more favorable sever-
ity ranges. |

Accordingly, a patient’s progress can be effectively evalu-
ated using the above discussed parameters and the regional
and global SSU values generated therefrom so that the
practitioner can have a relatively objective technique for
determining treatment progress and to determine when fur-
ther treatment is either not needed and will result in no
further improvement.

While the invention as discussed above represents a
preferred embodiment of the technique of the invention,
modifications thereof may occur to those in the art within the
spirit and scope thereof. Hence, the invention is not to be
construed as limited thereto, except as defined by the
appended claims.

What 1s claimed 1is:

1. A computerized method for analyzing spinal charac-
teristics of a patient believed to have one or more spinal
abnormalities comprising the steps of:

creating a first data set by determining vertebral body
rotations for a plurality of spinal vertebrae of the
patient from anterior/posterior spinal x-rays of said
patient, digitizing said first data set and inputting said
digitized first data set into a data processing computer;

creating a second data set by determining vertebral body
rotations for a plurality of spinal vertebrae of a normal
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person having no spinal abnormalities from anterior/
posterior spinal x-rays of said patient, digitizing satd
second data set and inputting said digitized second data
set into a data processing computer;

displaying the digitized vertebral body rotations of the
patient in a graphical manner;

displaying the digitized vertebral body rotations of the
normal person in a graphical manner;

comparing the digitized vertebral body rotations of the
patient with the digitized vertebral body rotations of the
normal person by processing the two sets of digitized
data, determining the locations of spinal abnormalities
of the patient; and

providing readable output from said data processing com-

puter regarding said locations of said spinal abnormali-
{1es.

2. A method in accordance with claim 1 wherein the
vertebral body rotations of the patient and of the normal
person ar¢ determined from x-rays taken in an anterior/
posterior orientation.

3. A method in accordance with claim 2 wherein the
differences between the vertebral body rotations of the
patient and of the normal person are determined 1o be to the
patient’s left from the normal and/or to the patient’s right
from the normal.

4. A method in accordance with claim 1 wherein said
displaying steps include displaying the vertebral body rota-
tions of the patient and of the normal person in the form of
horizontal bar graphs.

5. A method in accordance with claim 4 wherein the
displaying steps further include displaying the vertebral
body rotations of the patient and of the normal person in the

form of tabular measurements.
6. A method in accordance with claim 4 wherein the

horizontal bar graphs for the display of vertebral body
rotations of the patient are displayed via the data processing
computer adjacent to corresponding horizontal bar graphs
for the display of vertebral body rotations for the normal
person.

7. A method in accordance with claim 2 wherein the
vertebral body rotations of the patient and of the normal
person are determined as a distance D approximately cor-
responding to an arc length traversed by the interlamina
junction of a vertebral body which i1s rotated from its
theoretical center.

8. A method in accordance with claim 7 wherein the
theoretical center of a vertebra is determined from said
x-rays as the intersection location of diagonal lines drawn
from opposing comers of the vertebra.

9. A method in accordance with claim 1 wherein said
vertebral body rotations of the patient and the normal person
are determined for spinal vertebrae in each of the cervical,
thoracic and lumbar regions of the spine.

10. A method in accordance with claim 1 wherein said
comparing step includes quantifying a rotational disconti-
nuity of a vertebra with respect to its superior or inferior
neighboring vertebra.

11. A method in accordance with claim 1 and further
including

determining the vertebral intersegmental rotational rela-
tionship between a vertebra and an adjacent vertebra
for each vertebra of a plurality of spinal vertebrae of the
patient.
12. A method in accordance with claim 11 and further
including

determining the difference between the relative rotational
relationship of a vertebra and the relative rotational
relationships of its superior neighboring vertebra; and
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displaying the differences for each vertebra of said plu-
rality of vertebrae in a graphical manner;

determining the difference between the relative rotational
relationship of a vertebra of said plurality of vertebrae
and the relative rotational relationship of its superior
neighboring vertebra for a normal person having no
spinal abnormalities;

displaying the differences in a graphical manner;

comparing the differences determined for the patient with
differences determined for the normal person to iden-
tify the locations of abrupt positional alignment
changes representing spinal abnormalities in the
patient.

13. A method in accordance with claim 12 and further

including

determining absolute values of the differences determined
for each of the vertebra of the plurality of vertebrae of
the patient;

adding the absolute values to provide numerical spinal
stress umnit scale numbers for each of the cervical,
thoracic, and lumbar regions of the spine; and

displaying said scale numbers for each of said regions.

14. A method in accordance with ciaim 13 and further
including adding the scale numbers for each of said regions
to provide a global spinal stress unit scale number; and

displaying said global stress unit scale number.

15. A method in accordance with claim 14 and further
including determining and digitizing regional stress unit
scale numbers and global spinal stress unit scale numbers at
a plurality of diiferent successive times during treatment of
the patient so as to track the progress of said treatment.

16. A method in accordance with claim 1 and further
including

creating a third data set by determining a disc angle for
each vertebra ot a plurality of vertebrae of the patient
in the lateral dimension and digitizing said third data
set;

displaying the determined disc angles of the patient via
output from the data processing computer;

creating a fourth data set by determining a disc angle for
cach vertebra of said plurality of vertebrae of a normal
person having no spinal abnormalities and digitizing
said fourth data set;

displaying the determined disc angles of the normal
person via output from the data processing computer;
and

by digital data processing of the third and fourth data sets
comparing the determined disc angles of the patient and
the determined disc angles of the normal person to
determine any dissymmetries between corresponding
vertebrae thereof.

17. A method in accordance with claim 16 wherein said
disc angle determining steps include determining the disc
angles of the patient and of the normal person when the
spine 1s in a neutral and non-flexed, non-extended position.

18. A method in accordance with claim 17 and further
including determining the disc angles of the patient and of
the normal person when the spine is in a flexed position.

19. A method in accordance with claim 18 and further
including determining the disc angles of the patient and of
the normal person when the spine is in an extended position.

20. A method 1n accordance with claim 19 and further
including by digital data processing of the two data sets
comparing the disc angles of the patient and of the normal
person in both the flexed position and the extended position.
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21. A method in accordance with claim 20 and further
including

determining and digitizing as a data set the angular
displacement changes in the disc angles from the
neutral position to the flexed position for the patient
and for the normal person;

determining and digitizing as a data set the angular
displacement changes in the disc angles from the
neutral position to the extended position for the patient
and for the normal person; and

comparing by digital data processing of the {two data sets
the angular displacement changes for the patient with
the corresponding changes for the normal person to
determine flexion and extension vertebral position defi-
ciencies for the patient.

22. A method in accordance with claim 21 wherein the
angular displacement values for the vertebrac are deter-
mined in each of the cervical, thoracic, and lumbar regions;
and further including

adding the angular displacement values for the vertebrae

in each of said regions to obtain total angular displace- -

ment values for each of said regions.

23. A method in accordance with claim 22 and further
including adding the total angular displacement values
obtained for each of the cervical, thoracic, and lumbar
regions to obtain a global angular displacement value.

24. A method in accordance with claim 1 and further
including

determining and digitizing as a data sct from lateral x-ray
images of the vertebrae of the cervical region of the
patient a plurality of selected parameter values related
to selected osseous landmarks at each vertebra;

making said parameter determinations for a patient prior
- to a treatment session and after a predetermined num-
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ber of treatment sessions and by digital data processing
of the two data sets determining the differences in said
parameter values before and after said treatment ses-
S10NS;

adding the absolute values of said differences for each of
the selected parameters to provide an objective spinal
stress unit value for said cervical region.

25. A method in accordance with claim 24 and further
including

determining said selected parameter values at successive

treatment sessions for the patient and by digital data
processing of the two data sets comparing the objective
spinal stress unit values determined at subsequent treat-
ment sessions with the values thereof determined at
prior treatment sessions to track progress of the treat-
ment of the patient over a course of said successive
treatment sessions.

26. A method in accordance with claim 25 and further
including determining and digitizing as a data set the objec-
tive spinal stress unit values for each of the thoracic and
lumbar regions of the patient.

27. A method in accordance with claim 26 and further

including adding the selected parameter values for each of
the cervical, thoracic, and lumbar regions of the patient

before and after treatment to determine a global objective
spinal stress unit value.

28. A method in accordance with claim 27 and further
including

determining global objective spinal stress unit values for
the patient at each of a plurality of successive treatment
sessions to track progress of the patient over the course
of said successive treatment sessions.
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